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ABSTRACT 

We present a catalogue of new spectral types for hot, luminous stars in the Small 
Magellanic Cloud. The catalogue contains 4161 objects, giving an order of magni- 
tude increase in the number of SMC stars with published spectroscopic classifications. 
The targets are primarily B- and A-type stars (2862 and 853 objects respectively), 
with 1 Wolf-Rayet, 139 0-type, and 306 FG stars, sampling the main sequence to 
~mid-B. The selection and classification criteria are described, and objects of partic- 
ular interest are discussed, including UV-selected targets from the Ultraviolet Imag- 
ing Telescope (UIT) experiment. Be and B[e] stars, 'anomalous A supergiants', and 
composite-spectrum systems. We examine tlie incidence of Balmer-Hne emission, and 
the relationship between H7 equivalent width and absolute magnitude for BA stars. 

Key words: galaxies: Magellanic Clouds - stars: early-type - stars: emission-line. 
Be - stars: fundamental parameters - stars: Hertzsprung-Russell diagram 



1 INTRODUCTION 

Since the seminal study of the solar-ncighbourhood stellar 
initial mass function (IMF) bylgalpeter (1955), there have 
been numerous observational and theoretical studies of the 
IMF in the Galaxy, the Magellanic Clouds, and beyond (cf. 
lOilmore fc Howelll 19981 ). One of the principal tools used in 



the investigation of the IMF is the comparison of observed 
Hertzsprung-Russell diagrams (HRDs) with those obtained 
from population syntheses built on stellar-evolution models. 
The construction of observational HRDs for large samples of 
roughly equidistant stars is most easily accomplished in the 
colour-magnitude plane. However, optical observations only 
sample the Rayleigh- Jeans tail of the spectral energy distri- 
bution of O- and early B-type stars; thus for these objects 
optical photometric colours alone do not provide adequate 
discrimination in temperature (nor, therefore, in luminos- 
ity) for satisfactory transformation between the observed 
and theoretical HRDs. 

The Small Magellanic Cloud (SMC) is of particular in- 
terest as the nearest system with a well-established, substan- 
tial (factor ~5) underabundance of metallic elements com- 
pared to those found in the Milky Way. This makes it an at- 
tractive target for investigating the role of metallicity in star 
formation and evolution, as well as a variety of other topics 
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in stellar and galactic astrophysics. With this in mind, we 
have undertaken a spectroscopic survey of the SMC's hot, 
luminous stars, using the multi-fibre 2-degree Field (2dF) 
instrument of the Anglo- Australian Telescope (A AT), pri- 
marily in order to investigate directly the massive-star IMF. 
The basic data of the 2dF spectroscopic survey are pre- 
sented in this paper, wherein catalogue entries are identified 
by '2dFS' numbers for convenience. Target selection, obser- 
vations and data reduction are described in Sectional while 
the criteria used for spectral and luminosity classification 
of the sample are discussed in Sections |21 and El Some as- 
pects of the photometry are discussed in Sections and El 
Observations of stars of particular interest are presented in 
Section [3 and catalogue contents are summarized in Ap- 
pendix ^ An investigation of the IMF of the SMC, based 
in part on the catalogue, will be presented elsewhere. 



2 DATA ACQUISITION 

2.1 Target selection: input catalogue 

Our initial aim was to use photometry to isolate those tar- 
gets for which spectroscopy was required for accurate place- 
ment in the HRD. The actual targets were then to be drawn 
from this input catalogue. 

At the start of the project, the best available source for 
both large-scale photometry and accurate astrometry (es- 
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Table 1. 2dF field centres. The fields were observed in 1998 
(September 25-28, fields 1-12) and 1999 (September 30/Octo- 
ber 1, fields 13-18). 



Field 


Field centre (J2000) 


Integration 


no. 


a 


5 


time (min) 


1 


01 21 16.7 


-73 14 19 


60 


2 


01 21 16.7 


-73 14 19 


120 


3 


00 41 53.2 


-73 33 33 


150 


4 


00 41 53.2 


-73 33 33 


150 


5 


01 06 32.4 


-72 43 58 


90 


6 


01 06 31.1 


-73 03 58 


120 


7 


00 48 47.9 


-73 03 39 


120 


8 


01 06 31.1 


-73 03 58 


150 


9 


01 26 12.1 


-73 14 27 


120 


10 


01 06 30.5 


-73 13 58 


120 


11 


01 11 25.8 


-73 14 05 


120 


12 


00 59 37.3 


-73 08 50 


90 


13 


01 00 00.0 


-72 40 00 


60 


14 


00 59 00.0 


-72 55 00 


90 


15 


01 00 00.0 


-72 45 00 


90 


16 


00 44 00.0 


-73 24 00 


94 


17 


00 58 00.0 


-72 40 00 


90 


18 


01 10 00.0 


-72 55 00 


86 








1 30 1 00 30 

a (J2000) 

Figure 1. Spatial distribution of the input catalogue (every 5th 
star, upper panel, observed fields shown as 2° circles) and the 
spectroscopically observed targets (all targets, lower panel). 



sential for the 2dF observations) was scans of UK Schmidt 
B}^ and R photographic survey plates made with the Au- 
tomatic Plate Measuring (APM) machine. Field #29 in the 
Schmidt survey covers the greater part of the SMC and was 
used to compile the input catalogue of potential targets. The 
densest regions (e.g., NGCs 330 and 346) were too crowded 
for reliable APM scans and are largely excluded from our 
work. 

For our investigation of the upper part of the IMF (and 
to avoid contamination by foreground stars) the APM tar- 
gets making up the input catalogue for spectroscopy were 
restricted to bright blue stars, with cuts of (B,j — i?) < 0.1 
(corresponding, notionally, to O and B spectral types) and 
Bj < 17.5. As the survey and analysis progressed, it became 
evident both that additional selection effects were in play 
(most importantly, systematic rejection of the brightest stars 
as 'non-stellar'), and that the photographic photometry had 
rather larger uncertainties than anticipated. These addi- 
tional sampling effects will be discussed in our forthcoming 
analysis of the IMF (and a more detailed discussion of photo- 
metry is given in Sectionj^l, but one consequence is that the 
colour cut-offs were not as effective as expected in isolating 
only the hottest stars. As a result, some relatively red stars 
were included in the observed 2dF sample, including fore- 
ground objects. (The expected surface density of foreground 
blue stars is negligibly small - about 1 per square degree.) 
Fortunately, although our 2dF observations were not gen- 
erally optimized for radial-velocity measurements, they are 
quite sufficient to discriminate between typical Galactic and 
SMC velocities (~+170 km s~^). Radial-velocity measure- 
ments identified 171 stars, mostly in the spectral range GO- 
K3, as probable foreground objects. These targets were dis- 
carded for the purposes of the spectroscopic catalogue. 



2.2 2dF observations 

The 2dF system is a dual-spectrograph, multi-fibre instru- 
ment which allows up to 400 intermediate-dispersion spectra 
to be obtaine d simultaneously a cross a two-degree diameter 
field of view l|Lewis et al J 120021 ). We used 2dF to observe 
18 overlapping SMC fields over 1998 September 25-28 and 
on 1999 September 30 & October 1 (Table [U. The Moon 
was below the horizon for the majority of the observations, 
the exceptions being fields 1, 4, 5, 9, and 10 (Moon before 
first quarter) and 18 (barely gibbous moon just risen, ~100° 
from the SMC). In a typical observation approximately 30 
'sky' fibres (~15 for each spectrograph) were assigned, to 
ensure good definition of the sky signal. 

In order to construct a spectroscopic catalogue that is 
statistically representative of the SMC population of hot, 
luminous stars, targets were selected from the input cata- 
logue essentially at random.^ The main selection criterion 
was, therefore, simply the set of physical constraints im- 
posed in configuring 2dF (e.g., avoidance of too-close fibre 
heads, large angular defiections of fibres, etc.), rather than 
any astrophysical characteristics of the stars beyond those 
chosen in constructing the input catalogue. Usable spectra 
were obtained for ~15% of the input catalogue, with a rea- 
sonably representative spatial sampling (Figure Ql. 

We used gratings ruled at 1200 lines/mm, which gave 
coverage of the ~3900-4800A region (H/3 is included in 
about half the spectra) at a resolution of ~2.75A (FWHM of 
arc lines; R ~ 1500), which corresponds to 2.5 pixels on the 
detectors. Individual exposures were normally 1800s, and 
the median continuum signal-to-noise in the region AA4395- 
4460 is ~45, ranging ~20-150. 

Two 2dF datasets were obtained in addition to this main 
spectroscopic sample. First, usable red (Ha) spectra were 



^ Bj indicates the use of Eastman Kodak Illa-J emulsio n 
(+GG495 filter); Bj ~ S - 0.28{B - V) JBlair fc GilmorJl98 J) . 



In 1999, some effort was made to redress systematic under- 
representation of bright stars in the 1998 run. 
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obtained for 1091 targets from the main sample during the 
1999 run (September 28 & 29), again using gratings with 
1200 lines/mm {R ~ 2500). 

Secondly, in 2001 September, when conducting the 
programme of observations o f SMC binaries described by 
iHarries. Hilditch fc HowarthI l|2003r . we were able to allo- 
cate 'spare' fibres to targets of interest, with essentially the 
same instrumental setup as in 1999. We ch ose to observe 
UV-selected targets from the UIT catalogue IjCornett et alJ 
I1997I : IParker et al.lll99^ because of their potential interest 
as an important component of the hot-star population of 
the SMC. Because of the different selection criteria applied, 
the 107 targets so observed are separately numbered in the 
catalogue: 2dFS#5001-5107. 



development) being that the sky brightness varied signifi- 
cantly across the 2° field of 2dF. 

We found the twilight frames to be entirely consistent 
with the offset (dark) skies, with much better signal to noise 
ratio. This con clusion is retrospectively suppo rted by the 
observations of IChromev fc Hasselbacherl l|l99(if ). who mea- 
sured the relative brightness gradient of the twilight sky as 
a function of angle from the horizon point nearest the Sun. 
The 2dF twilight frames were taken with a maximum zenith 
distance of 30°, i.e. the angle between the solar horizon and 
the observ ed region of twilight sky is b etween 60 and 120°. In 
this range IChromev fc Hasselbacherl found that the largest 
observed relative gradient is ±2% per degree of sky, which 
is negligible for our sky-correction purposes. 



2.3 2dF data reduction 

The bulk of the data reduction was performed using the 
2DFDR software IjLewis et al. 200J). The main steps include 
bias subtraction, extraction of the spectra from the CCD 
image, optional division by a normalized fiat-field, wave- 
length calibration, calibration of the fibre throughputs, and 
subtraction of the scaled median sky spectrum. The soft- 
ware was still undergoing active development at the time 
of our reductions, and had been most extensively tested on 
datasets quite different to ours (namely, the 2dF quasar and 
galaxy survey data), so that a number of manual checks and 
interventions were necessary. 



2.3.1 Flat- fielding 

At the time of the reductions fiat-fielding in 2DFDR was sub- 
optimal, because any fiexure in the spectrographs led to the 
extraction of different fiat-field pixels compared to those 
used in the object frame. Given the reasonable cosmetic 
quality of the detectors (and our familiarity with 'known' 
instrumental features) we elected not to fiat-field our spec- 
tra. 



2.3.2 Throughput calibration 

Depending on the configuration, the throughput of individ- 
ual fibres is known to vary at the ~10% level (separately to 
the issue of targets being well centred on the fibre), proba- 
bly because of differing stresses within the fibres. Accurate 
throughputs are necessary for reliable subtraction of the sky 
signal (which is scaled from sky-only fibres by the relative 
fibre transmission factors). 

At the time of our observations, the normal method 
of obtaining the relative throughputs was to take offset-sky 
exposures in dithered triplets (to minimize contamination 
from astrophysical sources) for each fibre setup. Observatory 
recommendations for offset-sky integrations in 1998 (300s) 
yielded rather low signal-to-noise for our setup, so longer ex- 
posures were used in 1999 (450s), notwithstanding the larger 
overheads, together with twilight throughput frames. Twi- 
light frames were acquired in 1998 for only two fields (of 
course, only the first and last configurations each night can 
use these fiats for throughputs), the conventional wisdom at 
that time (when 2dF observing procedures were still under 



2.3.3 Final .spectra 

In a number of cases we have repeat observations of a given 
target (usually to build up signal-to-noise). The 2dfdr al- 
gorithm for combining spectra from separate exposures re- 
sulted in nonsensical results in some cases (e.g., negative 
fiuxes from the sum of positive fiuxes). 2dfdr has since 
undergone development to remove some of these problems, 
but we simply summed the net signals, while looking for 
(and rejecting) discrepant points; this proved particularly 
effective at removing cosmic-ray signatures. 

Once combined, the spectra were roughly rectified us- 
ing a script that fits a polynomial to predefined continuum 
regions and then divides the spectrum through by the fit. 
This automated rectification gives significant time savings 
and still allows accurate spectral classification. Final man- 
ual rectifications were conducted as necessary. 



2.4 Long-slit observations 

A limited number of supplementary observations of 2dF tar- 
gets were obtained in conventional long-slit mode, using the 
Royal Greenwich Observatory (RGO) Spectrograph at the 
AAT in July 2001. Ruled 1200/mm gratings were used to ob- 
tain blue (~3700-5500A) and red (~5250-7050A) spectra. 
The mean resolution element, as defined by the comparison 
arcs, was 1.6A FWHM, equivalent to 3.7 pixels. Standard 
'optimal' extractions were performed on these spectra, which 
generally have continuum S/N ratios of ~100 or better. 

The purpose of these observations was not only to ob- 
tain repeat spectra of selected stars of interest, but also to 
provide a check on the 2dF data characteristics. This was 
considered important in view of the limited experience of 
observing 'bright', absorption-line objects with 2dF at the 
time of our observations, and because the spectra were ex- 
tracted with development versions of 2DFDR. As discussed in 
Section f6. 2. 21 the long-slit observations disclose no obvious 
problems with the fibre spectra. 



3 SPECTRAL CLASSIFICATION 

The 2dF spectra (which consist primarily of B- and A-type 
stars, with a minority of 0-, F-, and G-types) were classified 
primarily by visual inspection, guided by the temperature- 
sequence classification criteria summarized in Table |2| 
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Table 2. Primary temperature-sequence classification criteria ap- 
plied to the 2dF sample (see Section |3]for references). Only some 
O subtypes are given here, others being interpolated. 

Type Criteria 



06 


He II A4200 ~ He I + II A4026 


07 


He II A4541 ~ He I A447f 


08.5 


He II A4541 ~ He I A4387 


09 


He II A4200 ~ He I A4f43 


BO 


He II AA4686, 4541 present, A4200 weak 


B0.5 


He II AA4200, 4541 absent, A4686 weak 


Bl 


He II A4686 absent, Si IV AA4088, 4116 present 


B1.5 


Si IV A4116 absent. Si IV A4088 < O II 


B2 


Si IV, Si II absent. Si III A4553 > Mg II A4481 


B2.5 


Si III A4553 ~ Mg II A4481 


B3 


Si III A4553 < Mg II A4481 


B5 


Si III absent. Si II A4128/4132 < He I A4121 


B8 


He I A4121 < Si H < He I A4143 




Mg II A4481 < He I A4471 


B9 


Mg II A4481 > He I A4471 




Fe II A4233 < Si II A4128/4132 


AO 


CaX/(He + CS.H) < 0.33 


A2 


0.33 < Cai<:/(He + Ca H) < 0.53 


A,3 


0.53 < Cai<:/(He + Cs. H) < 0.75 


A5 


0.75 < Cai<:/(He + Ca. H) < 0.85 


A7 


0.85 < C3.KI{-Re + Ca. H) < 0.95 


FO 


CaX/(He + CaH) ~1 


F5 


Clear presence of CH G-band 


F8 


G-band/H7 = 0.5-0.75 


GO 


G-band/H7 = 0.75-0.9 


G2 


G-band ~ H7; H7 > Fe I A4325 


G5 


H7 ~ Fe I A4325 


G8 


H7 < Fe I A4325 



3.1 O-type spectra 

Digital spectra are widely available for O-type stars, and the 
principal reference we used for the O stars observed with 
the 2dF was Walborn & Fitzpatricl^ l)l99(tl . The primary 
classification criteria are the ratios of He I to He II, so the 
spectral types are largely unaffected by metallicity effects. 
Luminosity classes were assign ed using the precepts given by 
IWalborn fc Fitzoatric'^ Jl99(ll). w i th ref erence to the SMC 
spectra shown in IWalborn et alJ l)2f)f)fil . Examples of 2dF 
0-dwarf spectra are shown in Figure 121 



3.2 B-type spectra 

3.2.1 Temperature sequence 

For the B-type stars the principal reference we adopted was 
Lennon's (1997) study of SMC B-type supergiants; the pri- 
mary classification criteria used here are included in Table|2l 
and, excepting the very earliest subtypes, use metal lines. 

The overall strength of the metallic lines in B-type spec- 
tra is related to the luminosi ty: the more luminous the star , 
the stronger the lines (e.g., IWalborn fc Fitznatrickl Il99(t) . 
The majority of the 2dF targets are substantially less lumi- 
nous than those in Lennon's sample; thus the metal lines 
in the 2dF B-star spectra are weak both because of the 
reduced metallicity of the SMC, and also because of their 
relatively low luminosity. As a consequence, while some of 



the 2dF spectra can be precisely classified following Lennon's 
scheme, the large majority require coarser classification bins, 
even where the data quality is moderately good. 

By way of illustration, consider a mid-B giant where the 
Si III A4553 line is undetectable. This may be because it is 
B5 or later, or because it is slightly hotter (e.g., B3) but, due 
to luminosity effects, the Si HI line is weak and in the noise. 
These problems mainly arise in the B1-B5 range, where the 
primary criteria involve the ratios of Mg II A4481 and Si III. 
Inspection of Lennon's data also reveals that the O II A4415- 
17, 4640-50 and N II A4631 features are undetectable at B3 
and later; when observed, these features therefore allow the 
spectral type to be more closely bracketed, to B1-B3. 

In Lennon's scheme, type Bl is characterized by weak 
or absent He II A4686; however, the 2dF spectra are at lower 
resolution than his data (~2.5-3 vs 1.2A), and poorer signal- 
to-noise. The framework adopted here uses the intermediate 
BO. 5 type for those stars where He II AA4200, 4541 are absent 
and weak A4686 is seen. 

Examples of precisely classified 2dF B-type spectra are 
shown in Figure further examples, where precise classifi- 
cation was not possible (even at fairly good S/N), are shown 
in Figure^] The spectrum of 2dFS#2195 is included in Fig- 
ureEJas an example of the low signal-to-noise 2dF data; the 
star is clearly of early-B type (given the absence of strong 
He II lines and the strength of the He I lines), but cannot be 
more accurately classified. A similar classification is applied 
to the spectrum of 2dFS#1492, even though the data are of 
substantially better quality. It is not possible to be confident 
that the weak He II lines seen in, e.g., 2dFS#0482 are absent 
in :^1492, and the metal lines necessary for unique classifi- 
cation in the early B-stars are not seen (as in 2dFS#1931). 

Many of the B-type spectra display emission in one or 
more of the Balmer lines (see Section 17. l|l . Where double- 
peaked or resolved Balmer emission is evident, an 'e' quali- 
fier is adopted (see Section 17^ . 

3.2.2 Luminosity classification 

In principle, luminosity-class assignments can be made using 
combinations of features, as for Galactic stars, modified to 
acco unt for the syste matic differences in metal-line strengths 
(e.g.. IWalbo^nlll977^ . We attempted to classify the B-type 
stars in our sample using this approach, but were handi- 
capped by the generally inadequate signal-to-noise of our 
data. We were therefore forced to fall back on the use of the 
Balmer lines alone, and particularly H7. No twithstanding 
potential pitfalls (cf. l.Iaschek fc .Iaschekll99(l) . this provides 
the simplest criterion for luminosity classification of B (and 
A) stars. 

We measured the H7 equivalent widths, Wa, in the 
entire 2dF sample 'by hand', and by using an automated 
gaussian-fitting procedure. In addition to Wa, the gaussian 
fits yield the actual line width, characterized by full width 
at half depth. Excepting a small minority of pathological 
cases (e.g., stars with strong line-core emission, where the 
automated fits give erratic results), all three measures lead 
to essentially identical conclusions in respect of classifica- 
tions; in particular, the automated and 'by hand' equivalent 
widths are in excellent agreement. For reasons of objectiv- 
ity and reproducibility, we generally utilize the gaussian-fit 
equivalent widths. 
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Figure 2. 2dF SMC spectra - I: O-dwarf spectral sequence. Stars are identified by 2dFS catalogue number. The luminosity class for 
the BO star is assigned using the hybrid scheme described in Section [3.2.21 The spectral lines identified in 2dFS#0171 are, from left to 
right by species, He I AA4026, 4143, 4388, 4471; He H AA4200, 4541, 4686. The Balmer fines He A3970, H5 A4101 and H7 A4340 are 
not explicitly identified. Note the weak N IH A4634-40-42 emission and strong He H A4686 absorption in 2dFS#1971, giving rise to the 
'((f))' suffix. Successive spectra are vertically offset by 0.75 continuum units. 
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Figure 3. 2dF SMC spectra - II: B spectral sequence. Stars are identified by 2dFS catalogue number. The parenthesised luminosity 
classes indicate their origin in the hybrid scheme described in Section [3.2.21 The spectral lines identified in 2dFS#1685 are, from left 
to right, Ca II A3933 (Ca K), He I AA4026, 4471 and Mg II A4481. The silicon feature identified in #3329 is Si II A4128/4132 and the 
additional lines in #1271 are He I AA4121, 4143 and Si III AA4553, 4568. Successive spectra are vertically offset by 0.75 continuum units. 
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Figure 4. 2dF SMC spectra - III: Exampes of B-type spectra without precise classifications; cf. Section [3.2.11 for details. Stars are 
identified by 2dFS catalogue number. The parenthesised luminosity classes indicate their origin in the hybrid scheme described in 
Section [3.2.21 The wavelengths of the identified lines are given in Figs.|2]and|31with the addition of He I A4009 in 2dFS#3354 and the 
O II A4317-19 and 4650 blends in #1608. Successive spectra are vertically offset by 0.75 continuum units. 



Ideally, our luminosity-class assignments should be 
based exclusively on spectral morphology. Unfortunately, 
the spread in H7 equivalent width is fairly large at given B 
magnitude (as discussed further in Section O; equivalently, 
the range in M{B) at given Wa is considerable. Thus our 
Wa data, which are not particularly accurate because of the 
limited signal-to- noise ratio in the spectra, are of rather lim- 
ited utility in predicting absolute magnitude and, by infer- 



ence, luminosity class, particularly at early-B types, where 
stars with the same Wa are found at all luminosity classes 
(cf. FigHni BO V and BO I stars differ in Wa by only ~2A, 
comparable with the spread in the measurements). Faced 
with this difficulty, and after considerable experimentation, 
we reluctantly abandoned the principled position of luminos- 
ity classification based solely on morphology in favour of a 
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Figure 5. 2dF SMC spectra - IV: Exampes of A- type spectra. Stars are identified by 2dFS catalogue number. The luminosity class for 
the AO star is assigned using the hybrid scheme described in Section l3.2.2l Successive spectra are vertically offset by one continuum unit. 



more pragmatic approach incorporating absolute-magnitude 
information. 

The (ad hoc) formulation we adopted is that the bound- 
aries between luminosity classes are defined by loci of con- 
stant B + 0.3Wa, as listed in Table To define the bound- 
aries, we adopted the relationship betwee n MCV) and lumi- 
nosity class given by tHumphrevs fc McElrovl il984r . aug- 
mented by ISchmidt-Kalerl (|l^^ as necessary, and con- 
verted to B by adopting {B — V)o colours from iFitzgeraldl 
l|l97(|l and an apparent distance modulus of 19.2, from 



iHarries et alJ i2f)f),'l l. The equivalent width corresponding 
to each B magnitude was then determined directly from the 
data (cf. Sectional. 

Clearly, the resulting 'luminosity classes' are not true, 
MK-process, morphological types, and to make this clear 
the luminosity-class assignments derived through the hybrid 
photometric/spectroscopic approach are given in parenthe- 
ses in the catalogue, and throughout this paper. Nonetheless, 
the hybrid classifications do appear to be broadly consistent 
with results from other sources (Section 14. l|l . although for 
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Table 3. B-star luminosity-class criteria: boundary values of the 
parameter B + O.SWa (cf. Section Fs. 2. 21 . Parentheses are used to 
indicate that these are not true morphological luminosity classes, 
but are based on both spectroscopic and photometric criteria. 



Table 4. Galactic A-type stars o bserved for calibrat i on pur poses. 
Most of these are discussed bv lEvans fc Howartbl J2003); new 
stars are identified by lower-case spectral-type sources. 



Sp. 
Type 



(la) (lab) 



Luminosity Class 
(lb) (II) (III) 



HD 



(IV) (V) 



Spectral 
type 



Source 



HD 



Spectral 
type 



Source 



BO 


12.27 


12.92 


13.35 


13.96 


14.80 


15.57 


1404 


A2 V 


GG7 


175687 


AO II 


c69 


BO. 5 


12.30 


12.95 


13.82 


14.43 


14.82 


15.60 


1457 


A9 Ib-II 


gOl 


186177 


A5 II 


gOl 


Bl 


12.,34 


13.12 


14.00 


14.92 


15.76 


16.47 


3283 


A3 II 


GG9 


187983 


Al lab 


M55 


B1.5 


12.09 


13.14 


14.09 


15.27 


16.35 


17.07 


3940 


Al la 


M55 


192514 


A3 III 


S54 


B2 


12.10 


13.15 


14.23 


15.54 


16.63 


17.41 


8538 


A5 V 


M53 


195324 


Al lb 


C69 


B2.5 


12.16 


13.20 


14.28 


15.73 


16.81 


17.72 


10845 


A8 III 


GG9 


196379 


A9 II 


M73 


B3 


12.48 


13.39 


14.40 


16.18 


17.72 


18.63 


12216 


Al V 


S54 


197345 


A2 la 


M73 


B5 


12.71 


13.49 


14.69 


16.99 


18.86 


19.51 


12279 


AO V 


GG7 


197489 


A5 II 


gOl 


B8 


13.11 


13.88 


15.26 


18.19 


20.54 


21.18 


12953 


Al la 


M55 


201935 


A5 II 


gOl 


B9 


13.22 


14.37 


15.96 


18.91 


21.37 


21.90 


13041 


A4 V 


GG9 


202240 


A8 II 


gOl 


AO 


13.37 


14.60 


16.86 


20.10 


22.16 


22.76 


13476 
14433 
14489 


A3 lab 
Al la 
A2 la 


M55 
m55 
M55 


203280 
205835 
207260 


A7 IV-V 
A5 V 
A2 la 


M53 
GG9 

M55 






























14535 


A2 la p: 


m55 


207673 


A2 lb 


M55 


spectra where H7 is filled in by emission our assigned lumi- 
nosity classes are liable to be too bright. For stars of par- 
ticular interest, investigators should therefore refer to the 
notes on Balmer emission that we provide for every star 
fSectionlV.il Appendix Al. 


15316 
17378 
148743 
161695 
164514 
165784 


A3 lab 
A5 la 
A7Ib 
AO lb 
A5 la 
A2 la 


M55 
M55 
GOl 
C69 
m55 
m55 


210221 
211868 
212511 
213558 
213973 
216701 


A3 lb 
A5 Ib-II 
A3 II 
A2 V 
A9 III 
A7IV 


M55 
gOl 
gOl 
S54 
A81 
GG9 
















167356 


AO la 


m55 


220770 


A5 lb 


m55 
















172167 


AO V 


M73 


222275 


A5 III 


A85 


3.3 A-type stars 










173880 


A3 V 


GG9 


223385 


A3 la 


M55 



3.3.1 Temperature sequence 

The A-type stars were cl assified on the basis of the Ca 7^/He 
line ratio, as discussed bv lEvans fc Howarthll)20fl.'T l. Reliance 
on the calci um line ratios is no t without its problems (see 
discussion in lEvans fc Howarthfl , but it is quick to apply and 
does not rely o n weak metal lines. The classification criteria 
from lEvans fc Howarthj are included in Table |2| Figure [^ 
illustrates a spectral sequence, and Section 17.41 discusses a 
handful of peculiar A stars. 



3.3.2 Luminosity classification 

lEvans fc Howartia l|2flfl3fl describe observations of a num- 
ber of Galactic BAF stars acquired for comparison and 
calibration purposes. We have supplemented those obser- 
vations with some new data, giving a total of 46 A-type 
stars (Table EJ- We measured H7 in these Galactic stan- 
dards in the same way as in our 2dF sample, in order to 
calibrate line strength and luminosity class as a function of 
spectral subtype. All the available data are consistent with 
the simple luminosity-class-equivalent-width scheme sum- 
marized in Table El which is independent of A spectral sub- 
type for the observed Galactic standards. 

The adopted luminosity-class bin s are broadly consis- 
tent w ith the calibrations given by iB alona, fc Gramntonl 
l|l974fl and lAzzopardi l|l987fl . except that lAzzopardi 's equiv- 
alent widths are 1-2A (~30-50%) larger than ours for late- 
A supergia nts. This discrepancy appears to arise because 
lAzzoDardf s (mainly interpolated) late-A values are influ- 
enced by H7 equivalent widths for F-type stars that are 
larger than we flnd fSection l6.1|l . Although late-A, bright 
supergiants are not well represented in either sample, our 
dataset is more extensive, and of better quality, than his. 



Sources of spectra l 



Morgan fc Romanf Jl 
Gray fc Garrisonl Jl98. 
AS1.lAblUl9siF7AS5Tv 
Cowlev et all Jl96' " 




KeenaTH IliJYmi: M4;-i. IMnrprnn et a 
Morgan et alJ Jl95^: M 53. iMorgan et alJ 



(in order of pre f erence ): M73, 

M43. iMnrgan et ^iJ _il94.^^: M55, 

„„^^^^„^ "l953h : M50, 

S54, ISlettebaU Jl954l^: GG7, 

GG9, iGrav fc Garrisonl Jl989l) : 

1983 ^: GOl. lGrav et alJi200j) : C69, 



Table 5. Adopted luminosity-class criteria: luminosity class for 
A2-A7 stars as a function of H7 equivalent width, in A (cf. Sec- 
tion j^Sl- 



la 
< 3 



lab 
3-4 



lb 

4-5 



II 

5-10 



III 

10-15 



In our SMC dataset, the H7 equivalent widths at given 
B magnitude are smaller for AO stars than for later A 
types. We applied the Galactic calibration to A2-A7 sub- 
types (thereby assigning supergiant luminosity classes to 
some rather faint stars - see Fig. Ill|l . while treating AO 
stars in the same way as B-type stars (Table EJ. 



3.4 Later types 

The remaining 'late'-type spectra with radial velocities con- 
sistent with SMC membership were c lassifled using the crite- 
ria listed bv lEvans fc Howarthll)200.'t) . Briefly, F- and G-type 
spectra are characterized by increasing metal-line strength 
as the temperature decreases; for completeness, the criteria 
are included here in Tabled A spectral sequence is shown 
in Figure]^ 
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Figure 6. 2dF SMC spectra - V: F- and G-star spectral sequence. Stars are identified by 2dFS catalogue number. The spectral lines 
identified in 2dFS#0490 are Ca K (A3933), the Ca H (A3969) & He blend, Ca I A4226, the CH G-band (around A4300), Fe I AA4325, 
4383, and H7. Successive spectra are vertically offset by one continuum unit. 



Since our work is primarily concerned with the OBA 
domain, we have not explored luminosity-class diagnostics 
in later-type stars in the sample, though from their physi- 
cal luminosities these objects are expected to be luminosity 
classes Ib-II for the most part. 



4 CLASSIFICATION CHECKS 

4.1 Comparison with other sources 

Nine o f the stars in the 2dF sample were observed bv lLennonl 
Lennon's are high-quality classifications, and pro- 
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Table 6. Co mparisons of 2dF sp ectral types with t hose by 
iLennonI Jl997l . first nine entries) and lMassev et all ll993) • Paren- 
thesised 2dF luminosity classes were assigned using the hybrid 
scheme described in Section Fs. 2. 21 



2dFS # AzV # 2dF 



Other 



0577 
0801 
1352 
1550 
2174 
2538 
2773 
2907 
3235 



10 
96 
215 
268 
404 
445 
462 
472 
490 



B2.5 (lab) 
B1.5 (lab) 
BO (lb) 
B2 (lb) 
B2.5 (lab) 
B5 (lab) 
B2 (lab) 
B2 (lab) 
09.7 Ia+ 



B2.5 la 
B1.5 la 
BNO la 
B2.5 lab 
B2.5 lab 
B5 lab 
B1.5 la 
B2 la 
09.5 II 



0668 


28 


Bl-2 (II) 


Bl I 


0764 


73 


BO (III) 


08.5 V 


0786 


84 


BO. 5 (IV) 


Bl V 


0836 


114 


08 V 


07.5 V 


1271 


196 


Bl (II) 


BO. 5 III 


1324 


209 


BO. 5 (IV) 


Bl V 


1357 


217 


Bl-3 (II) 


Bl III 


1527 


261 


B2 (Ib)e 


08.5 I 


1545 


266 


Bl (lab) 


Bl III 


1550 


268 


B2 (lb) 


B2.5 V 


1654 


302 


09III 


08.5 V 


1741 


326 


BO (IV) 


09 V 


1759 


328 


BO (III) 


BO V 


1766 


334 


09.5 III 


08.5 V 


1858 


346 


Bl-5 (II) 


B2 V 


1879 


351 


Bl-2 (Ib)e 


BO V 


1904 


354 


Bl-3 (II) 


B1.5 V 


1972 


376 


Bl-2 (lab) 


Be 


2033 


386 


Bl-2 (II) 


B1.5 V 


2102 


395 


B3 (II)e 


Bl III 


2139 


402 


09.7 lab 


Be 


2201 


409 


BO. 5 (lb) 


Be 


2319 


423 


BO (II) 


09.5 V 


2413 


436 


BO (II)e 


07.5 Ve 


2717 


456 


09.5 lb 


09.5 V 


2720 


457 


Bl-3 (II)e 


Be 


2905 


471 


BO (III) 


B0.5 V 


3047 


480 


04-7 Ve 


Oe 


3249 


491 


Bl-3 (III) 


07 III: 


3530 


503 


BO-5 (II)e 


Be 



vide an external check on the current work. Table |^ shows 
the 2dF types compared to Lennon's classifications. With 
the exception of AzV 490, both the spectral and luminos- 
ity types agree to within one subtype; the differences for 
AzV 490 are astrophysical (Section l7. 7. 311 . 

Tabl eElalso compares the 2dF spectral types with those 
given bv lMassev et al.l l)l99fir for 30 stars in common. The 
differences in spectral types are again generally not larger 
than one subtype, exceptions being AzV 261, 436 and 491, 
where our types are significantly later. Re-examining the 
2dF spectra of these stars (Fig. 0, we could not justify re- 
vising our results. Neither AzV 261 nor 491 shows He II in 
our data, and, while the two 2dF spectra of AzV 436 at 
our disposal have low signal-to-noise. He I A4144 appears 
stronger than He II A4200 in both, implying a type later 
thai i 09. 

iMassevI l|2002fl presents a compilation of spectral classi- 



fications for 436 stars, drawn from a variety of sources (but 
omitting Lennon's work); of these, 230 have slit spectra, the 
remainder being objective-prism results. We have 2dF clas- 
sifications for 158 stars from the full listing; comparison with 
the long-slit types shows agreement to within, normally, 1-2 
subtypes. There are two notable exceptions, namely Az V 133 
and 336 (2dFS#5060 and 1776). lGarmanv et al.ll^l987^ clas- 
sified AzV 133 as BOn+08: with the comment that broad, 
possibly double lines of the Balmer series were seen; in the 
2dF data (Fig. [2|l the Balmer lines appear unremarkable , 
and we classify the spectrum as 06.5 V((f)). lMassevl i2002r 
gives the spectral type for AzV 336 as WN2-|-abs (cf. B2 (HI) 
from the 2dF spectrum); t he WN star is actually the sepa- 
rate object AzV 336 A (see lMassev fc DuffvlEoOll) . 



4.2 Multiple Observations 

Fifty targets were observed with 2dF in both 1998 and 1999. 
These spectra were classified entirely independently, and test 
the internal consistency of the classifications. In all instances 
the spectral types from the two seasons agree to within one 
spectral subtype at the appropriate classification resolution. 
The quality of the data is such that small differences are not 
unexpected, especially in cases where the line ratios are near 
the edges of the classification bins. 

The long-slit spectra from 2001 provide a further con- 
sistency check. The spectral types again agree with the 2dF 
results to within one spectral subtype. 

Overall, therefore, we believe that, notwithstanding the 
limitations of our data, in general our classifications are 
consistent to within a spectral subtype at the (sometimes 
coarse) classification bins adopted. 



5 PHOTOMETRY AND ASTROMETRY 

Initial construction of the 2dF input catalogue was neces- 
sarily performed using APM photographic photometry for 
colour-magnitude selection. Subsequently, three important 
catalogues of CCD-based photometry of sta rs in t he SMC 
have been pub l ished : OGLE (Udalski et JiDlilii), MCPS 
JZaritskv et alJ l2002l) and iMassevI ||21111^. We have used 
these catalogues to refine and extend photometry for our 
targets, and to characterize the input material. 

We sought positional matches between the 2dF cata- 
logue and the photometric catalogues, initially by coinci- 
dence within a circle of radius 3". We then adjusted the 
catalogue co-ordinates by the (subarcsecond) median offsets 
in RA and declination, and then sequentially reduced the 
adopted 'match' radius while further adjusting the offset as 
necessary. (Using the median rather than the mean offset en- 
sured that this process converged in zero or one iteration.) 

This comparison is limited to the main catalogue of 4054 
2dF targets, as we have incomplete APM data for the sup- 
plementary UIT targets, for which O GLE astr omctry was 
used for spectrograph configuration (cf. lHarries et alji200,T) . 



5.1 OGLE 

The final adopted 'coincidence' radius was 1.2", generat- 
ing 1395 matches, plus a further 290 duplicates (cp. 1461, 
9108 at 5"). The duplicates were resolved by selecting the 
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Figure 7. 2dF spectra for previously classified stars in the AzV catalogue (see Section lTTl for details). Spectra are ofi'set by 0.5 continuum 
units. 



OGLE star closest in B magnitude to APM Bj (after apply- 
ing the small zero-point correction to Bj discussed below). 
This proved very effective; spot checks of a few dozen du- 
plicates showed that in every case there was one 'obvious' 
candidate (invariably the brightest OGLE star in the coin- 
cidence radius). 

5.2 MCPS 

The same procedures were adopted for the MCPS, with a 
1.2" search radius yielding 3231 matches plus 67 duplicates, 
again resolved by magnitude matching. (Increasing to 5" 
adds a further 158 matches and 5797 duplicates.) This in- 
cludes 15 stars wh ere iM^^ g ^^yl photomet rv has been adopted 
for the MCPS (see lZaritskv et alJl2nn2^ . 



5.3 



[m 



Massey 

3'^ 



assevl 's survey was aimed at obtaining photometry for 
the brighter MC stars in particular. It has, accordingly, a 
brighter magnitude limit, allowing a larger plate scale than 
the other C CD-based surveys (2.3"/pixel vs. ~ 0.7"/pixel). 
Nonetheless, iMa.ssevl 's astrometry is sufficiently good that 
a 1.5" coincidence radius proved satisfactory, yielding 3115 
matches, plus 47 duplicates (cp. 3211, 90 at 5"). 



We fo und tha t all the duplicates appear to be double 
entries in iMassevl 's catalogue; we simply adopted results 
for the first entry. Further examination of this catalogue 
shows 4379 cases where two or more entries are spatially 
coincident to within 2.3" (3503 pairs with AS < 0.2, 2694 
with AB < 0.1); 250 (183, 111) cases where three entries 
match; and 20 (13, 8) where 4 entries match. The mean B- 
band photometric offset for these coincidences is 0.00±0.27™ 
(0.00 ± 0.08™, 0.00 ± 0.05™), and the mean positional offset 
is 1.17 ±0.61" (1.07 ±0.56", 1.03 ±0.55"; all quoted errors 
are standard deviations), suggesting that ~5% of objects in 
the catalogue may be the result of spurious multiple entries. 



5.4 Adopted results 

5.4-1 Astrometry 

We conclude that the astrometry for all the datasets con- 
sidered is internally consistent to better than 0.5" rms. The 
offsets between the APM astrometry and that from the pho- 
tometric catalogues average Aa ~ ±0.4", AS < 0.1", APM 
minus other. For reference, the APM sampling interval - 



The APM system currently available on-line has been trans- 
formed to the Tycho-2 system 
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Figure 8. Comparisons of photometric results for stars in the 2dF survey, from APM. lMassevl MCPS and OGLE (labelled A, M, Z and 
O, respectively, in this figure, with the x axis dataset listed first). 
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Figure 9. Comparison of input APM Bj ptiotometry and 
adopted B ptiotometry. 



'pixel size' - is 0.5", and the 2dF fibres project to 2" di- 
ameter. We adopt the APM astrometry for the main 2dF 
catalogue. 



5.4-2 Photometry 

A comparison of photometric results for the stars in the 
spectroscopic survey is shown in Fig. |2l The distribution 
of APM photometric residuals is highly asymmetric for all 
reference catalogues, with an extended tail where the APM 
magnitudes are brighter than the comparison catalogue val- 
ues. This asymmetry renders the arithmetic mean offset a 
statistic of limited utility; even the median is skewed by the 
moderately large fraction of these large residuals. The mode 
therefore gives the most meaningful average measure of the 
offsets for the APM photometry. 

We made a small (0(0.1™]) zero-point adjustment to 
the original Bj photometry to bring the modal offset from 
MCPS B to zero (colour terms being negligible). After this 
correction, the modal off set for OGLE is -0.03™ (APM 
fainter), and for iMassevI —0.13™. For matches within the 
2dF sample, we also find median offsets MCPS — OGLE 
= +0.02™ (1265 stars, excluding those for which 
photometry is substituted in t he MCP S), MCPS- 
= +0.13™ (2396), and OGLE- lMassel = +0.15™ (1137). 
On the basis of these comparisons, we conclude that the 
APM B magnitudes have a zero-point uncertainty of order 
0.1™. Characterizing the (large) statistical uncertainty in 
the APM photometry in a useful way is complicated by the 
asymmetric nature of the distribution of magnitude differ- 
ences. As an indicator, we find that 68% of matches have B- 
magnitude offsets in the range ~+0.6™/— 0.4™ of the mode. 

The OGLE and MC PS results are in good mutual 
agreement, with iMasse-^t s results ~0.1™ brighter than 
O GLE/MCPS for this sample. (All three dat asets are tied 
to iLandold l|l992r standards.) iMassevI l|2002r notes essen- 



Massej 



Massev 



tially the same offset in a comparison with traditional pho- 
toelectric photometry. For our present purposes, very precise 
photometry is not required, but for specificity (e.g., for dia- 
grams), we generally adopted results from the multi-epoch, 
high-redundancy MCPS or OGLE surveys for preference 
(taking the better match to Bj where necessary, to minimise 
mismatches). The adopted main-catalogue photo metry has 
2513 values from MCPS, 747 from OGLE, 646 from lMasse-I 
and 147 from APM. The UIT-target photometry comes from 
MCPS and OGLE (97 and 10 stars, respectively). The com- 
plete list of cross-matches with photometric catalogues is 
given in Table ^3 (Appendix EJi available in full on-line, 
and a comparison of APM Bj magnitudes with adopted B 
magnitudes is made in Fig.|2l 



6 THE RELATIONSHIP BETWEEN H7 AND 
ABSOLUTE MAGNITUDE 

6.1 Overview 

Figures ITHl and ITTl show the relationship between H7 equiv- 
alent widths, Wa, and adopted B magnitudes, as a func- 
tion of spectral subtype. As expected, there is a clear gen- 
eral trend of increasing Wa with decreasing brightness, with 
dWx/dB ~ +lA/™ (for all BA subtypes, B ~ 13.5-17.5). 
At -B ~ 14.5, line strength increases slowly through the B 
spectral sequence, from ~ 2.5A at B0-B3 to ~ 4.5A at B9; 
Wa — 7-8A for all A subtypes, excepting the transitional 
subtype AO, where Wa ^ 6A (with considerable scatter), 
and A7, where there is a suggestion that Wa starts to fall 
off. T hese results are in general agreement with previous 
work l|HutchingJl966l:lBalona fc CramT)tonll973:lAzzoT)a7dil 
|l^^, though based on better-sampled, higher-quality ma- 
terial. The exception to this generalization is that Wa begins 
to decline at A7/F0 in our data, whereas lAzzonardJ il987f l 
finds monotonically increasing Wa from early B through 
early F subtypes, with Wa ~ 8 A at FO lb (at B ~ 15). 

The insensitivity of Wa to A spectral subtype, through- 
out the magnitude range we sample, provides justification 
for the subtype- independent luminosity classification scheme 
adopted in Section 13.3.21 (although H7 equivalent widths 
are more strongly subtype dependent at fainter luminosity 
classes) . 



6.2 The dispersion 

There is significant scatter in the equivalent widths at a 
given subtype and magnitude. Observational errors could 
contribute to this scatter in several ways, including pho- 
tometric errors, equivalent-width errors, and classification 



6.2.1 Photometric errors? 

Although the formal photometric uncertainties in the CCD 
data are generally negligible compared with the observed 
dispersion, arbitrarily large errors can be introduced if the 
photometric catalogue star is mismatched with the spectro- 
scopic catalogue entry. As we have shown, the APM photo- 
metry is also subject to relatively large uncertainties. To 
investigate these issues we examined the residual datasets 
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Figure 10. H7 equivalent widtti as a function of B magnitude for B stars in the 2dF spectroscopic catalogue. Only stars with 'precise' 
classifications (uncertainty ±1 subtype) are shown. The diagonal lines of constant {B — Wa) (running lower left to upper right) are 
intended solely to provide a point of reference for the reader, and have no physical significance; the lines of constant (S + 0.3Wa) show 
the adopted boundaries between supergiants (luminosity class lb and brighter), giants (II and III), and main-sequence (IV and V) stars. 
The open circles show stars for which we have only APM photometry, or for which the CCD results differ by more than 1™ from APM 
measurements (cf. Section rf).2.1^ . The brightest B8 star shown (just outside the main data frame) is AzV 72, which has previously been 
noted as a member of the class of SMC supergiants supposedly having anomalously strong hydrogen lines. It appears unexceptional in 
our dataset (cf. Section 17^ . 
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Figure 11. H7 equivalent widtti as a function of B magnitude for A stars in the 2dF spectroscopic catalogue. Only stars with 'precise' 
classifications (uncertainty ±1 subtype) are shown. The diagonal dotted lines of constant {B — W^) are intended solely to provide a 
point of reference for the reader, and have no physical significance. The open circles show stars for which we have only APM photometry, 
or for which the CCD results differ by more than 1™ from APM measurements (cf. Section [6.2.1^ . The brightest AO star shown (just 
outside the main data frame) is Sk 1, which has previously been noted as a member of the class of SMC supergiants supposedly having 
anomalously strong hydrogen lines. It appears unexceptional in our dataset (cf. SectionUHJ. 
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after exclusion of data for which the CCD results differ from 
the APM photometry by 1™ or more (thereby reducing the 
probability of cross-catalogue mismatches), or for which we 
have only APM photometry. Excluding these arguably ques- 
tionable data reduces the scatter slightly, but the dispersion 
is large even for the remaining CCD results (Figs.EDand^^. 



6.2.2 Equivalent-width errors? 

Because the sky backgrounds in the 2dF spectra are not de- 
termined directly, but are scaled from separate sky fibres, 
the accuracy of background subtraction (and hence equiva- 
lent widths) is a source of concern. In practice, the contin- 
uum sky background (typically, equivalent to a ~20™ star 
at B) is unlikely to exceed ~10% of the gross signal, even 
in relatively poor cases. Nonetheless, to check this point we 
made measurements on the conventional long-slit spectra de- 
scribed in Section [2.41 The comparison of equivalent widths 
is made in Fig. ^| agreement is good (although the com- 
parison is limited to relatively bright stars). 

A small number of the br ightest star s in ou r 2dF sur- 
vey are in common with the lAzzopardil (|l2S3) survey of 
H7 line strengths in SMC supergiants. We compare our 
equivalent widths with his in Fig. 1121 Agreement is gen- 
erally acceptable, excepting three outliers, for which our 
equivalent widths are noticeably greater than his. Two of 
those three outliers were included in the long-slit observa- 
tions (cf. Fig. IT^ . and our measurements suggest that it 
is the newer data that are the more reliable. (Azzopardi's 
measurements were made on photographic objective-prism 
spectra obtained with a resolving power perhaps half that 
of the 2dF observations.) 

Although the evidence therefore suggests that our mea- 
surements are generally satisfactory, the tendency for some 
equivalent widths to appear 'too small' (Figs. EH and lllfl 
does leave open the possibilities that H7 may, in those cases, 
be contaminated by nebular emission at a level too small to 
be obvious at our resolution, or that an overcorrection for 
the background signal has been applied. The former issue is 
partially addressed by the identification in Table lAll of stars 
associated with catalogued nebulosities, and by scrutiny of 
the Balmer-line spectra fSection l7.1|l : and the latter by the 
preceding discussion. 



6.2.3 Classification errors? 

Since the mean equivalent width of H7 varies as a function 
of spectral subtype at given B magnitude, errors in subtype 
assignments could introduce scatter. The scatter is notice- 
ably large at spectral type AO, where the rate of change of 
Wa with spectral type is greatest. Late-B stars have sig- 
nificantly smaller equivalent widths, on average, than the 
early-A stars, so late-B stars misclassified as early-A stars 
could explain the tail of '1ow-Wa' AO stars. 

To investigate this further, and more generally, we mea- 
sured the ratio of Ca K to He+Ca H using a simple con- 
strained gaussian fit. The equivalent-width ratio'' is plotted 
against H7 equivalent width in Fig. El There is very good 



separation between A- and B-type stars, except for the AO 
stars, which in this plane are mingled with both earlier and 
later types. In effect, for both B-type and AO stars the iS'/H 
ratio is just 'small', while the H7 equivalent width is infiu- 
enced by luminosity as much as by temperature. 

The primary criterion for resolving the B9/A0 ambi- 
guity is the presence of He i A4471 in the earlier type. A 
plausible explanation of the scatter in Wa, at AO in particu- 
lar, is, therefore, that B9 spectra have been misclassified in 
poor-quality spectra with S/N too low to allow the helium 
line (weak at this subtype) to be identified. An attempt to 
improve A0-B9 separation using automated measurements 
of 4471/4481 proved fruitless, because of the low S/N of the 
data. Outliers in the Wa-B plane were therefore identified 
and the spectra re-inspected for evidence of any anomalies. 
For the earlier spectral types, an anomalous position in this 
plane correlates with Balmer-line emission (stellar or neb- 
ular); and at later types, stars with emission are also dis- 
placed. However, most mid- to late-A outliers appear unex- 
ceptional (other than in respect of their Balmer-line weak- 
ness) at our dispersion and signal-to-noise. 

A further possibility is that unresolved companions may 
cause or exacerbate the spread in the Wa--B plane. This 
must be a factor at some level, but comparison of the H7 
equivalent widths (at a given spectral type) for cluster mem- 
bers and field stars reveals no greater dispersion for the for- 
mer, such as might be expected if blends were important. 
Furthermore, any close binary companions to BA giants and 
supergiants are not expected to be significant contamina- 
tors of the optical spectra, in general. We conclude that 
the dispersion in Wa most probably arises primarily from 
a combination of measurement errors, unresolved nebular 
emission, and minor classification errors, with astrophysical 
effects (such as multiplicity and intrinsic emission) as sec- 
ondary contributors. 



7 OBJECTS OF SPECIAL INTEREST 

7.1 Balmer-emission statistics 

The blue-region spectra at our disposal are, for the most 
part, inadequate to distinguish reliably between any intrinsic 
narrow Balmer emission and nebular emission. Nonetheless, 
in a number of cases resolved or structured Balmer emission 
is identifiable. As a rough guide to objects likely to be of in- 
terest, we therefore categorized all observed Balmer lines as 
showing absorption; narrow (i.e., unresolved, probably neb- 
ular) emission; resolved emission; double-peaked emission; 
or P-Cygni profiles. 

Stars were categorized rather conservatively (i.e., only 
reasonably definite cases were categorized as 'resolved' 
rather than 'narrow', or as 'double' rather than 'resolved'). 
Each Balmer line was categorized independently for each 
star (4161 targets have H7 observed, 2095 H/?, and 1091 
Ha). After reviewing a handful of anomalies (and conse- 
quently revising H7 'r?' to 'n'), all stars having red spectra 
and showing intrinsic H/3 emission (or suspected intrinsic 



* This quantity is closely related to, but not the same as, the 
K /H ratio used in the visual classifications. There is reasonable, 



though not perfect, separation of individual A subtypes in this 
plane. 
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Figure 12. Comparison of H7 equivalent widths measured in 2dF and RGO spectra, and hv lAzzonardil Jl^S3)- The circled points in 
each panel show measurements for the same two stars, AzV 401 and 431; the agreement between 2dF and RGO measurements suggest 
that it is Azzopardi's measurements that are discrepant for these two stars. 
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Figure 13. Ratio of Ca K to He+Ca -ff as a function of H7 equivalent width (in A). The diagonal line is drawn 'by hand' to separate 
stars classified as B (solid black circles, lower left) from those classified as A2-A7; these two groups are well separated in this plane. The 
displaced inset shows the AO stars. The circled points are the possible 'composite-spectrum' stars CSection l7.4^ . 
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Table 7. Numbers of stars by spectral type from the APM- and UIT-selected samples. In the latter case, totals are given for both the 
pure UIT-selected sample and (in square brackets) other UIT targets which were matched in the 2dF catalogue. 'Em' lists the percentage 
of stars that show emission at Ho in each spectral bin CSection l?.!^ . 'AF' is used for the possible 'composite-spectrum' stars CSection i7.4^ . 



Spectral 


APM 








UIT 




Total 


Em. 


Type 


N 


% 


N 


% 


N 


% 


N 


% 


O+W 


121+1 


3 


18 


17 


[21+1] 


6 


1,39+1 


20 


B<5 


2454 


61 


72 


67 


[274] 


79 


2526 


26 


B>5 


327 


8 


9 


8 


[30] 


9 


336 


14 


A<5 


593 


15 


7 


7 


[17] 


5 


600 


2 


A>5(+'AF') 


233+19 


6 


0+1 


1 


[1+2] 





223+20 


4 


FG 


306 


8 








[1] 


1 


306 





Total 


4054 




107 




347 




4161 





emission) also show Ha emission, and all stars showing in- 
trinsic H7 emission show H/3 and Ha emission, where data 
exist. 

A hundred and ninety-seven stars with usable red- 
region 2dF spectra (18%) show intrinsic Ha emission of some 
sort; 161 stars with H/3 spectra (8%) show H/3 emission; 
and 154 stars (4%) show H7 emission. The targets for the 
red-region spectra were biassed towards objects with 'inter- 
esting' blue spectra; correcting for this bias, ~14% of stars 
in the input catalogue show Ha emission. To a good ap- 
proximation, in our data Ha is twice as effective as H/3 in 
disclosing intrinsic Balmer emission, and H7 half as effective. 

In the majority of cases (~80%), blue-region Balmer 
emission consists of resolved (or marginally resolved), undis- 
placed (or only moderately displaced) narrow emission, 
without obvious emission in any other lines. Emission fea- 
tures in the Ha spectra are invariably substantially broader, 
or clearly structured. TableEJincludes a summary of the dis- 
tribution of Balmer emission by spectral type, peaking at 
early B. 

7.2 Be-type spectra 

BA stars reliably exhibiting double-peaked emission in at 
least one Balmer line (or suspected double-peaked H/3 ac- 
companied by Ha emission) are listed in Table |Sl and illus- 
trative spectra are shown in Fig. El The stars with double- 
peaked emission show a spread in absolute magnitude from 
M{B) ~ -5 to the cutoff of our survey (M(B) ~ -1), with 
a mode of about M{B) ~ —3, and are classified (usually 
rather coarsely) as early B, and so are likely to represent 
the bright tail of the distribution of classical Be stars, if 
we adopt the Hipparcos-ha&eA absolute-magnitude scale for 
Galactic Be stars given byJVeener (2000). Because of their 
relative brightness, these 2dF stars are attractive targets 
for, e.g., investigation of short-term line-profile variability 
(cf . iBaade et alJl20n2l ) . 

Encouraged by our referee, we have also listed stars 
whose spectra display single-peaked, resolved emission at 
either Ha or H/3 as 'Be'-type in Table lAll Many or most 
of these stars may be classical Be stars, but our primary 
motivation in adding the 'e' suffix to the catalogue spec- 
tral types is to alert users to the qualifying supplementary 
emission-line information. 

None of the stars in Table |H1 have been explicitly 
identified as Be stars in the literature, but several other 
previously known objects are included in the 2dF cat- 



alogue: one f r om t he sample of Be stars studied by 
iHummelet'aLl \\m± . 2dFS#1115 (NGC 330 KWB Be 258, 
Grebel 9), and a furth e r four potential Be stars listed by 
iKeller. Wood fc Besselll l|l999l ): 2dFS#1077=KWB Be 278; 
#1087=522; #1277=122; and #1326=355. Of these five 
stars, 2dFS#1077 and #1277 show marginally resolved (i.e., 
broadened) emission at H7 (only 2dFS#1326 has H/3 ob- 
served), while 2dFS#1277 and #1326 have red spectra, both 
showing strong, single-peaked Ha emission. 



7.3 B[e] stars 

2dFS#2837 has previously been catalogued as LH A 115- 
N82, Lin 495, and MA93-1750 Ionize 1956; Lindsa,^ IT96il : 
iMevssonnier fc AzzoT)aTd|ll99,tK and was reported as a B[e] 
star by iHevdari-Malaveril l|l99(y . It is the only previously 
reported B[e] star in our sample. We observed it in 1998 with 
2dF, and again in 2001 with the RGO spectrograph. The two 
spectra are indistinguishable (the RGO s pectrum is shown 
in Fig. ll7ll . and similar to that shown bv lHevdari-Malaveril 
if allowance is made for the differences in resolution. 

The only other star in the 2dF dataset that shows sim- 
iliarities to #2837, and in particular the same Fe [11] emis- 
sion lines, is 2dFS#1804. Unfortunately, we have only a sin- 
gle, blue-region, observation of this star (Fig. I17II . but, like 
#2837, it has been repeatedly catalogued as an H a emis- 
sion obiect: LHA115-S38, Lin 418, MA93-1 405 (Heni zfil956l : 
lLindsavlll96ll : IMevssonnier fc AzzoDardilll993fl . This rela- 
tively bright star [B ~ 14.0) is clearly worthy of further 
study. 



7.4 Composite-spectrum targets 

Our examination of eighteen of the 2dF spectra indicated an 
~A-type classification from Ca K, while other metal lines 
(including the G band) suggested spectral type ~F. These 
targets form a distinct group in the SMC survey; the spectra 
are superficially suggestive of Galactic Am stars in several 
cases, but classical Am stars would be too faint to feature in 
our survey. Our targets are unlikely to be foreground objects, 
both because of the observed radial velocities and because 
the surface density is implausibly high. We also provisionally 
rule out contamination by the solar (i.e., twilight or bright- 
moon) spectrum; most of these stars were observed in dark 
skies when the moon was below the horizon (and similar 
features are not seen in any B-star targets). 
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Figure 14. Spectra of selected Be stars. Each spectrum is vertically offset by 1.0 continuum units. The luminosity classes assigned to 
these stars should be regarded with caution, as Balmer-line emission is liable to result in a 'too bright' classification with our 'hybrid' 
methodology ('Section 13.2.2^ . 
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Table 8. Presumed classical Be stars: B stars showing double-peaked emission in the Balmer lines. The last three columns encode the 
spectral appearance in H7, H/3, and Ha. Here 'a' means absorption, 'n' means narrow (possibly nebular) emission, 'r' means resolved 
(though narrow) emission, 'd' means double-peaked emission, and 'e' means broad single-peaked emission. The luminosity classes assigned 
to these stars should be regarded with caution, as Balmer-line emission is likely to result in a 'too bright' classification with our 'hybrid' 
methodology ("Section 13.2.21 . 



2dFS 


Other 


B 


Sp. 




Balmer 




0080 




17.18 


BO-5 (V)e 


7a 


/3d 




011,3 




15.64 


Bl-2 (HI)e 


7a 


/3d 




0306 




14.35 


BO-5 (n)e 


7a? 


/3d 




0922 




16.00 


BO-5 (V)e 


7d? 


/3d 




1306 




16.62 


BO-5 (IV)e 


7a 




ad 


1496 


MA93-1216 


15.77 


BO. 5 (V)e 


7d? 




ae 


1551 




16.51 


BO-5 (IV)e 


7a 




ad 


1558 




17.44 


BO-5 (V)e 


7a 


/3d 




1932 


MA93-1490 


15.32 


Bl-5 (ni)e 


7a 


/3a 


ad 


2043 


MA9,3-1539 


15.99 


Bl-5 (HI)e 


7a 


/3d 


ad 


2196 




16.21 


BO-5 (IV)e 


7a 


/3a 


ad 


2267 


MA93-1621 


15.84 


Bl-5 (ni)e 


7d? 




ad 


2316 


AzV 422, MA93-1637 


13.97 


Bl-5 (H)e 


7a 


/3d 




2360 




16.96 


BO-5 (V)e 


7a 


/3d 




2598 


MA9,3-1707 


16.25 


Bl-5 (HI)e 


7a 




ad 


2613 


MA93-1711 


15.65 


BO-5 (ni)e 


7a 


/3d? 


ad 


2786 




17.53 


Bl-5 (V)e 


7a 




ad 


2794 




15.02 


Bl-5 (n)e 


7a 


/3a 


ad 


2802 




15.66 


BO-5 (HI)e 


7n 


/3r 


ad 


2971 


MA93-1775 


15.83 


Bl-5 (ni)e 


7a 


/3d 


ae 


2986 




15.07 


Bl-3 (HI)e 


7a 


/3a 


ad 


3087 


MA93-1813 


15.78 


Bl-3 (ni)e 


7d 


/3d 


ad 


3325 




16.07 


BO-5 (IV)e 


7a 




ad 


3413 


MA93-1868 


14.96 


B5 (n)e 


7a 


/3d 


ad 


3426 


MA93-1871 


16.15 


BO-5 (HI)e 


7a 


/3d 




3436 




15.93 


Bl-5 (ni)e 


7a 


/3d? 


ad 


3479 


MA9,3-1881 


15.82 


Bl-5 (HI)e 


7a 




ad 


3512 


MA93-1886 


14.82 


B3 (n)e 


7a 




ad 


3573 


MA93-1894 


15.88 


Bl-3 (HI)e 


7r 




ad 


3628 




14.67 


Bl-3 (n)e 


7d? 




ae 


3716 




14.97 


Bl-5 (H)e 


7a 




ad 


3730 




16.99 


BO-5 (V)e 


7d? 


/3d 




3795 




15.15 


Bl-3 (HI)e 


7r? 




ad 


3825 




15.19 


BO (IV)e 


7a 


/3d 


ae 


3928 




15.36 


Bl-5 (H)e 


7d? 


/3d 




3970 




15.48 


Bl-5 (ni)e 


7a 


/3d 


ad 


3998 




15.49 


BO-5 (HI)e 


7a 




ad 


4021 




15.49 


Bl-5 (ni)e 


7a 


/3d? 


ad 



We conclude that many of these observations may rep- 
resent composite spectra. The rate of incidence is 0(1%), 
similar to Galactic values, but these cannot be exact coun- 
terparts of Galactic composite-spectrum systems, which typ- 
ically consist of a near-main-sequence A star with a G giant; 
our targets are somewhat more luminous. They are, however, 
'too blue' in [U — B) and/or 'too red' in (B — V) for the most 
part fFig. ll5|l . consistent with a generic composite-spectrum 
intepretation. Unfortunately, the photometric anomalies are 
not sufficiently clear-cut for these stars to be uniquely or 
unambiguously identifiable from colours alone. In the H/K 
plane (Fig. I13|l these stars are also outliers, falling at the 
small Wa(H7) end of the A-star distribution (which could, 
however, be construed as a consequence of incorrect back- 
ground subtraction). 

R.O. Gray has extensive experience with s pectral clas- 
sification in the relevant part of the HRD (e.g.. lGrav et alJ 



l2flfliri . and very kindly volunteered to examine some of these 
spectra. He was able to re-interpret three of the targets as 
having spectra similar to normal or near-normal Galactic 
F-type stars, within bounds of the data quality (although 
the radial velocities argue against this interpretation), but 
confirmed apparent abnormalities in several other cases. We 
have no repeat spectroscopy for any of these stars, and so 
are unable to rule out some instrumental, rather than astro- 
physical, peculiarity; attempts to obtain new spectra were 
thwarted by bad weather. Good-quality, long-slit spectra of 
just one or two of these targets could go a long way towards 
clarifying their true nature. 



7.5 The 'Anomalous A supergiants' 



Follo wing earlier work on L MC s ta rs bvlSanduleakI ^1972^ 
and iFehrenbach fc Dufioti ^WTJ ). lAzzooardil l|l982r i and 



© 0000 RAS, MNRAS 000, 000-000 



22 C. J. Evans. I. D. Howarth et al. 



X 



t3 



o 




3900 4000 4100 4200 4300 4400 

Wavelength (A) 



4500 



4600 



4700 



Figure 16. 2dF SMC spectra - VI: Examples of possible composite-spectrum targets. Stars are identified by 2dFS catalogue number. 
Successive spectra are vertically offset by one continuum unit. 



iHumphreva i 19831 noted a population of 'anomalous A-type 
supergiants' in the SMC, characterized by unusually large 
Balmer-line strengths and red (U — B) colours. In our sam- 
ple (for which the great majority of targets are su bstantially 
fainter and less luminous that those studied hv lAzzonardil 
and bvl Humphrcvj) there is very little evidence for any stars 
having these characteristics (cf. Figs. llO(llll and ll5|l . 

We have only two targets among those listed by 
iHumnhrevJ l|l98,i . her Table IC) as anomalous: Sk 1 
(2dFS#0109) and AzV 72 (Sk 37, 2dFS#0765). Our clas- 



sifications (AO (la) and B8 (lab), respectively) are in ex- 
cellent agreement with hers (AO I and B8 I), but neither 
star is exceptional in the W\-B plane in the context of our 
dataset^ fFigs llf)l and lll|l . This is consistent with an unpub- 
lished study by E.L. Fitzpatrick (personal communication), 



^ For AzV 72 we have on ly APM photometry : B = 12.43. 
lAzzopardi fc VigneaJ ll973) and lArdeberd Jl980h report concor- 
dant UBV measurements giving a somewhat fainter B ~ 12.88, 
strengthening the normality of this star in the y^\-B plane. 
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in which he argues, persuasively in our view, that many 
reported anomalies in Magellanic Cloud A supergiants can 
be attributed to the lack of a proper ref erence framew ork 
of normal stars at Cloud metallicities (cf. lLennonlll997l for 
a related critique of metal-line luminosity classification of 
SM C B-type supergiants). 

iHumnhrevs. Kudritzki fc GrothI l|l99lfl proposed a 
physical explanation for the strength of the Balmer lines 
in the supposedly anomalous stars. They suggested that 
these stars are post-red-supergiants, with enhanced surface 
helium abundances leading to increased atmospheric pres- 
sure at given temperature. By itself, this is a plausible argu- 
ment, but standard evolutionary models suggest that post- 
red-supergiant BA supergiants should have around half the 
mass of pre-red-supergiants at the same luminosity and Tctt. 
The reduction in logp would be expected to lead to reduced 
Balmer-line strengths (which may be a contributory factor 
to the small- Wa stars in our sample). 



7.6 The UIT targets 

Classifications for the 107 UIT-selected targets are sum- 
marised in Table|2| As for the main catalogue, roughly three- 
quarters of the sample are B-type stars, but the UV-selected 
sample is uncontaminated by FG stars, and features a much 
smaller proportion of A-type stars than the APM, {B — R)- 
selected sample. We also searched the main APM catalogue 
for UIT stars. There are 347 matches with separations of less 
than 2" (cp. 386 for 5", 223 for 1.2"), and the distribution 
of spectral types closely matches that of the UIT-selected 
sample (Table [2|l, albeit with somewhat smaller fraction of 
O s tars. 

IParkerl 1)20021 ) discusses whether there was a hitherto 
undiscovered population of early-type field stars in the 
Clouds, well away from obvious OB associations. The UIT- 



selected sample is clearly more efficient in identifying candi- 
date 0-type stars than is using the APM data as an input 
catalogue. However, the UV-selected sample does not appear 
to reveal a new and distinct 0-star population; a significant 
majority of the UIT targets observed with 2dF are early-B- 
type stars. 



7.7 Individual objects 

7.7.1 2dFS#0936 

The spectrum of star #0936 has narrow, strong He II A4686 
emission with an equivalent width of — 3.5A (± 0.2), and 
weaker N III and C III lines (see Fig. I17|l . The spectrum 
is classified here a s 06.5 f ?p, a category first introduced 
bv lWalbornI l|l972r . The principal defining characteristic of 
Of?p stars is C III A4647-50-51 emission comparable in in- 
tensity to N III A4634-40-42, although the relative intensities 
of N III, C III and He II e mission vary significant ly in several 
well observed examples JNaze et alJ [2001; Walborn et alJ 
l2003l) . Aside from the weaker C III emissio n, the spectrum 
of # 0936 is similar to that of AzV 220 l|Walborn et alJ 
I2OOOI) : in common with AzV 220, #0936 is too faint (with 
M{B) ~ —5.0) for a 'norr nal' supergiant, when compared 
to the calibration given bv IWalbornI il973r . The spectrum 
also displays Balmer emission (unresolved at H7), the or i- 
gins of which are not c l ear; t he star is in H35 l)HodgfJll98fil) . 
which Bica & Schmitd (jl^^d) list as type "AN - an associa- 
tion which shows some traces of H 11 emission." 

Further observations of this star would be useful to 
distinguish between intrinsic and nebular emission, and to 
monitor for s pectral variations. In the course of their survey 
for WR stars. iMasse v & DuffJ l|200l|) observed 2dFS#0936 
(their "Anon-1"), assigning a spectral type of 05 f?p. The 
2dF spectrum (which has greater wavelength coverage) is 
not consistent with this classification, since He I A4026 is 
stronger than He II A4200. At the current time it is unclear 
whether this difference is attributable to differences in data 
quality or to intrinsic spectral variability. 



7.7.2 2dFS#0999: SMC-WR 9 

Star 2dFS#0999 (Fig. ^ w as the ninth Wolf-Rayet (WR) 
star discovered in the SMC l|Morgan. Vassiliadis fc Dopital 
I199III . The strong N V emission, in combination with an ab- 
sence of N IV, gives the WN2.5 type ((yan der Hucht 199(|), 
and the absorption component is consistent with an 03 com- 
panion, based on the absence of He I A4471. The spectrum 
has p reviously been classi fied as WN2.5+05: ^Morgan et alJ 
1 199 ill and WN3-h03-4 JMassev fc Duffvll200lll . The 2dF 
spectrum has resolution comparable to Morgan's data, and 
a comparison shows the N V to He II A4686 ratio has appar- 
ently increased. 



7.7.5 2dFS#3235: AzV 490/Sk 160 

The 2dF spectr um of 2dFS#32 35 (AzV 490; Sk 160 in 
the catalogue of lSa,ndulea,klll968ri shows strong He II emis- 
sion at A4686. This is the optical counterpart of SMC X- 
1. The op tical spectrum has long been known to be vari- 
able fe.g.. lOsmer fc Hiltneilll973 ) . and our RGO spectrum 
shows differences from the 2dF spectrum (e.g.. He 11 A4686 
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Figure 17. Objects of particular interest, identified by 2dFS number; see Sections 17. HI and 17.71 for a discussion of the spectra shown. 
Tickmarks on the y axis are every 1.0 continuum units. 
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double-peaked in the former, single-peaked in the latter). 
Our 2dF spectrum is very similar to that of HDE 269896 
in the LMC, classified as ON9.7 Ia+ JWalhornl 1 19771 
IWalborn fc FitzDatric'^ll99(l) . 



7.74 2dFS#3472; #2073, #2423 

2dFS#3472 (A3 la) is an emission-line obj ect, previously 
catalogued as Lin 530 and M A93-1879 iJLindsavl 119611: 
iMevssonnier fc AzzoDardilll993ll . RGO (Ha) and 2dF (blue- 
region) spectra are shown in Fig. 1171 Although Balmer-line 
emission is not particularly rare in luminous Galactic A su- 
pergiants, the P-Cygni Ha line in 2dFS#3472 is exception- 
ally strong, with an emission equivalent width of ~40A. 

2dFS#2423 (AO (lb)) is the only other A- type star in 
our catalogue showing clear P-Cygni emission at H/?, albeit 
rather weaker than in #3472, while 2dFS#2073 (A3 la) 
shows probable P-Cygni emission at H7, together with 
strong Ha P-Cygni emission fFig.ll7|l. 



7.7.5 2dFS#3975: Sk 190 

The spectrum of star #3975 (Fig. 117(1 is classified here as 
08n(f)p. The primary requirement for membership of this 
class is a composit e emission and a bsorption structure in the 
He II A4686 line ljWalbornlll97l . The 2dF spectrum was 
both noisy and near the edge of the engineering-grade chip 
in the 1998 observations, introducing assorted cosmetic fea- 
tures; subsequent observation with the RGO spectrograph 
confirmed the classification. This is only t he second Onfp 
spect rum seen in the SMC, after AzV 80 ijWalborn et alJ 
l2000^. Sk 190 has previously been classified as 08 laf 
JMassevlbOOSh . suggesting the possibility of time variabil- 
ity in the intensity and morphology of the He II A4686 line. 
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clusters by iBica fc Dutra| l|2(J(j(J). which is, essentially, 
the catalogue of iBica fc Schmit J l|l995h . with the in- 



clusion of new cluster s identified in the OGLE survey 
JPietrzvnski et al.lll998l l. Our purpose in including this in- 
formation is to provide an indication of whether a given star 
is likely to be a cluster or association member, or a field star 
(relevant to the interpretation of the HRD). 

There are 49 Sk stars matched in the 2dFS catalogue, 
172 AzV stars, 219 MA93 stars, and 454 UIT stars (including 
107 UIT-selected targets). These correspondences are to be 
understood to be simply positional matches for the photo- 
metric, UIT, and MA93 catalogues (which list co-ordinates 
to the nearest arcsecond or better), but are actual cross- 
identifications for the Sk and AzV catalogues, using pub- 
lished finder charts. 



APPENDIX A: CATALOGUE DESCRIPTION 

The full catalogue of spectral types for the 2dF sam- 
ple is available electronically through the on-line edition 
of Monthly Notices, and at the Centre de Donnees as- 
tronomiques de Strasbourg (CDS ). The data are assembled 
in two tables, one containing the basic observational data 
from the spectroscopic survey, and one containing cross- 
identifications. 

Table IXTl shows an extract from the data catalogue, to 
illustrate the format. For convenience, we assign a 4-digit 
2dFS number to each star; entries 1-4054 are the main, 
APM-selected, targets, sorted by RA, and entries 5001- 
5107 are the UIT-selected targets, separately sorted by RA. 
There are no catalogue entries 4055-5000. For each entry 
we give the adopted co-ordinates and B magnitude (Sec- 
tion [^33- Co-ordinates are quoted from the sources used 
for spectrograph fibre configuration, i.e., AP M for 2dFS en- 
tries 1-4054, OGLE for entries 5001-5107 fcf. lHarries eTaP 
I2OO31) . We then list the adopted 2dF spectral type, and notes 
on Balmer-line emission for Hq, H/?, and H7, as available 
f Section 17.1(1 . The overall distribution of spectral types is 
summarized in Table Note that the luminosity classes for 
the AO and B-type stars are given in parentheses, to refiect 
the fact that they are not based solely on morphological 
considerations and therefore are not strict 'MK' types. 

The supplementary catalogue of cross-identifications 
includes full photometric results from Massey, OGLE, 
and MCPS (Sectional, and cross-identifica tions with the 
UIT, Sanduleak, AzV, a nd MA93 catalogue s ('Corn ett et alJ 
I l997; Sanduleak 1968l Il972l: lAzzonardi fc VJgneaul Il982l : 
iMevssonnier fc Azzopardil 1 19931 1. The catalogue also in- 
cludes pertinent information from the catalogue of SMC 



ftp : //cdsarc . u-strasbg . f r/pub/cats/ J/MNRAS/XXX/YYY 
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Table Al. An illustrative section of the on-line 2dF catalogue. Sources of adopted B magnitudes are APM, Massey, OGLE, and Zaritsky 
(coded A, M, O, Z; see Section Fs. 4. 21 . The 'Balmer notes' summarize lines in blue (B: g=H7, b=H/3) and red (R: Ha) spectra, coded as 
a (absorption); n (narrow [nebular?] emission); r (resolved [but narrow] emission); d (double-peaked emission); p (P-Cyg profile). 
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